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Available online 27 September 2013AbstractIntroduction: The versatile genetic malleability of yeast and the high degree of conservation between its cellular processes and those of human
cells make it a model choice for pioneering research in molecular level studies. In the present study, we focused on the effect of three different
extracts (chloroform, methanol, and aqueous) of Zea mays leaves on oxidant-exposed yeast cells.
Materials and methods: Evidence from literature shows that yeast cells succumb to oxidative stress via apoptosis. Therefore apoptotic events
were studied by various stains such as Giemsa, propidium iodide, 4,6-diamino-2-phenylindol dihydrochloride, ethidium bromide, and acridine
orange/ethidium bromide. To quantify the extent of cell death in hydrogen peroxide and/or plant extract-treated yeast cells, sulforhodamine B
assay and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay were conducted.
Results: The results showed that all three extracts can effectively alleviate the toxicity of oxidative stress induced by hydrogen peroxide. From
both cell viability assays, it could be inferred that oxidative stress caused significant death in yeast cells. Better protection was rendered by the
methanolic extract, followed by the aqueous extract and the chloroform extract.
Conclusion: Zea mays leaf extracts have a rich source of antioxidants and it can effectively protect the eukaryotic cells (yeast cells) from
oxidative stress-induced by hydrogen peroxide.
Copyright  2013, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Many vertebrate organisms have been used as model sys-
tems for humans. However, sacrificing animals has raised
ethical issues and concern for the life of the animals. Thus,
there is a need for alternative model systems. Researchers have
used microorganisms as a model system for eukaryotes,
among which yeast is considered a powerful system for
studying complex biological phenomena.1
The imbalance between oxidants and antioxidants leads to
several human diseases such as muscle degeneration, coronary
heart disease, and cancer.2 Prolonged oxidative stress in the* Corresponding author. Department of Biochemistry, Biotechnology and
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Tamil Nadu, India.
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http://dx.doi.org/10.1016/j.jacme.2013.06.005cellular environment that cannot be counteracted by the
endogenous antioxidant defense of the system results in the
cells committing themselves to the programmed death process,
namely apoptosis.3
Yeast cells have remarkable similarities tomammalian cells at
the molecular and organelle level, and several yeast proteins are
functionally interchangeable with highly homologous human
proteins. Thus, it is not that surprising that using yeast cells as a
model systemprovides relevant contribution to understanding the
molecularmechanismunderlying oxidative stress and apoptosis.4
Several agents, especially plant extracts or their components, are
known to influence the process of apoptosis.5
We chose the plant Zea mays for our study. It has a diuretic
effect, and it has antidiabetic, anticancer, and antibacterial
activity. The plant is rich in antioxidants and in the past
Z. mays leaves were used for various disorders. Therefore, the
leaves are nontoxic.Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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the antioxidant content present in Z. mays leaves at different
stages of growth, namely at 5th, 10th, 15th, 20th, 25th and
30th days after sowing. The leaves on Day 10 of growth had
the maximum content of all enzymatic and nonenzymatic
antioxidants.6
To shed light on the chemical nature of the active components,
extracts of the leaves were prepared in three solvents of different
polarity: (1) water, (2) methanol, and (3) chloroform. Different
doses were used and all three extracts (with 20mg concentration)
possessed maximum antioxidant activities. Methanolic extract
had the maximum activity that was on par with the activity of the
standard antioxidant butylated hydroxyanisole. The present study
focused on determining the antiapoptotic effects of Z. mays leaf
extracts on apoptosis that was induced in Saccharomyces cer-
evisiae cells by hydrogen peroxide (H2O2).
2. Materials and methods2.1. ReagentsThe reagents used were propidium iodide (PI; Sigma, St.
Louis, MO, USA); 4,6-diamino-2-phenylindol dihydrochloride
(DAPI; Sigma); Giemsa stain (Hi-media, Mumbai, India);
ethidium bromide (EtBr; Hi-media); acridine orange/ethidium
bromide (AO/EtBr; Hi-media); 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT; Sigma); sulforhod-
amine B (SRB; Sigma); paraformaldehyde (Hi-media); Triton-
X100 (SD Fine Chemicals Ltd., Mumbai, India); yeast extract
(Hi-media); peptone (Hi-media); dextrose (Hi-media); and
dimethylsulfoxide (DMSO; SD Fine Chemicals).2.2. Preparation of plant extractsAqueous extract. The leaves were homogenized in water
(1 g/mL) by using a micropestle in a microfuge tube. This
solution was centrifuged at low speed to clarify the extract.
The supernatant, corresponding to a concentration of 20 mg/
20 mL, was used for the assay.
Methanol/chloroform extract. Z. mays leaves (1.0 g) were
homogenized in approximately 1 mL of the solvents methanol
and chloroform. The supernatants were collected and dried at
60C while being protected from light. The residues obtained
after drying the chloroform and the methanol extracts were
weighed and dissolved in a known amount of DMSO to yield a
concentration of 20 mg/5mL. The DMSO was maintained at a
minimum level to avoid any DMSO-induced events.2.3. Yeast cells and growth conditionsBaker’s yeast (S. cerevisiae) was used throughout the study.
This organism was cultured in a yeast extract-peptone-
dextrose (YPD) medium containing 10 g of yeast extract,
20 g of peptone, and 20 g of dextrose at pH 6.5 for 1000 mL.
Yeast cells were inoculated into the medium on the penulti-
mate day of each assay and the flask was incubated overnight
in a temperature-controlled orbital shaker at 30C. Themedium was separated by spinning at a low speed and the cells
collected in the pellet were resuspended in a specific volume
of the assay medium for each assay.2.4. Induction of apoptosisCells in the exponential growth phase were harvested and the
cell pellet waswashedwith saline. The pellet was then suspended
in saline. Aliquots containing 1  106 cells were incubated with
H2O2 (200mM) and/or leaf extracts (20 mg) at 37
C for 1 hour.
After incubation, the cells were collected by centrifugation,
resuspended in saline, and further analyses were performed.2.5. Parameters analyzedApoptotic events that occurred after the oxidant treatment
were analyzed by using various parameters, as described later.2.6. Giemsa stainingIncubated cells were spread on microscopic slides with a
drop of diluted Giemsa stain. The slides were mounted with
cover slips and observed for morphological changes under a
phase contrast microscope (Nikon, Tokyo, Japan), as described
by Chih et al.7 The cells showing apoptotic morphological
changes were counted for each experimental group per 100
cells in ten different fields. The experiment was repeated five
times.2.7. Propidium iodide stainingBy using the protocol developed by Sarker et al,8 staining
by PI was employed to discriminate apoptotic cells from
normal cells, which reflects nuclear changes during apoptosis.
After incubation, the cells were permeabilized with a mixture
of acetone:methanol (1:1) at 20C for 10 minutes. Then,
10 mL of 5 mg/mL PI was added to each slide, spread with a
cover slip and incubated at 37C for 30 minutes in the dark.
The apoptotic cells were detected by using a green filter in a
fluorescence microscope (Nikon).2.8. DAPI stainingThe apoptotic ratio of the oxidant-treated cells (with or
without the leaf extract) and the untreated cells were scored by
DAPI staining.9 The cells were then transferred to slides and
were immediately fixed with 3% paraformaldehyde and per-
meabilized with 0.2% Triton X-100 in phosphate buffered
saline (PBS) for 10 minutes at room temperature. They were
then incubated with 5 mg/mL of DAPI. The apoptotic nuclei
were observed under a fluorescent microscope (Motic,
Causeway Bay, Hong Kong) by using a DAPI filter.2.9. Ethidium bromide stainingThe treated cells were incubated for 5 minutes with 10 mL
of ethidium bromide (50 mg/mL) and spread on a slide by
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by counting the cells with condensed chromatin and frag-
mented nuclei under a fluorescent microscope (Nikon) by
using an ultraviolet 2A filter at 400 magnification. The ratio
of apoptotic cells to normal cells were calculated by each
staining method.102.10. AO/EtBr stainingAcridine orange (0.1 mg/mL) and EtBr (0.1 mg/mL) were
used to label nuclear DNA in the yeast cells. Both solutions
were prepared in PBS buffered at pH 7.4, which was used to
preserve the normal physiological activity of the unicellular
cells. For cell staining, 100 mL of yeast samples were stained
with 5 mL of AO/EtBr and observed under a fluorescent mi-
croscope (Nikon) with a B-2A filter.112.11. Statistical analysisStatistical significance was determined by two-way analysis
of variance with p < 0.01 considered significant was adapted
to all the parameters under study to test the level of statistical
significance using SigmaStat (Version 3.1) statistical software.2.12. MTT assayA total of 1  106 cells per Eppendorf microfuge tube were
seeded into 96-well plates and exposed for 1 hour to the H2O2-
plant extract mixture. The cytotoxicity of the drugs was
assessed by the MTT assay, based on the procedure of Igarashi
and Miyazawa.12 MTT (50 mL) was added to the treated wells.
The plate was incubated at 37C for 3 hours with mild
shaking. The cells were resuspended in 200 mL of 2-propanol
containing 0.04N HCl overnight in the dark. The absorbance
was read at 650 nm in a microtiter plate reader (Anthos,
Germany).2.13. SRB assayTable 1
Effect of Zea mays leaf extracts on morphological changes in Saccharomyces
cerevisiae cells subjected to oxidative stress, as determined by Giemsa
staining.
Sample No. of apoptotic cells/
100 cells
Apoptotic ratio
Control H2O2-treated Control H2O2-treated
aThe fluorescent dye SRB binds to basic amino acid residues
in trichloroacetic acid (TCA)-fixed cells to provide a sensitive
index of cellular protein content that is linear over a range of
cell densities.13 The cell survival was measured as the percent
absorbance at 492 nm, compared to the control (i.e., untreated)
cells.
3. Results
No extract 4  2 82  2 0.04 4.5
Aqueous extract 16  1a 20  2a,b 0.19 0.25
Methanol extract 11  3a 15  2a,b 0.12 0.183.1. Morphological characteristics of yeast cells
Chloroform extract 20  0a 25  1a,b,c 0.25 0.30
Data are presented as the mean  standard deviation of triplicate.
Critical difference (CD) value ¼ 4.38.
a Statistically significant difference, compared to the untreated control group
( p < 0.01).
b Statistically significant difference, compared to the oxidant-treated group
( p < 0.01).
c Statistically significant difference, compared to the respective plant
extract-treated group ( p < 0.01).Membrane blebbing by Giemsa staining was assumed as a
quantifiable parameter and as a measure of apoptosis. Table 1
presents the results. Hydrogen peroxide caused a steep in-
crease in the number of cells committed to apoptosis (Fig. 1 ).
Treatment with the three different extracts of Z. mays leaves
decreased the number of apoptotic cells; the maximal inhibi-
tory effect occurred with the methanol extract.3.2. Nuclear morphological assessment of apoptosisThe traits of cell nucleus were demonstrated by various
DNA staining (PI, DAPI, AO/EtBr and EtBr) and fluorescence
micrographs are depicted below. We observed numerous
apoptotic cells with nuclear condensation and fragmentation.
As the values in Table 2 indicate, the administration of H2O2
caused a very high number of yeast cells to become permeable
to PI. This indicates oxidation-induced apoptosis (Fig. 2). The
number of cells committed to apoptosis on exposure declined
sharply in the presence of the methanol extract, followed (in
decreasing order) by the aqueous extract, and the chloroform
extract. The apoptotic index of the treated cells and the un-
treated cells was then scored. Data are expressed as the per-
centage of apoptotic nuclei in association with the total
number counted. After direct binding of DAPI to DNA,
apoptosis morphology was identified by a change from the
normal rounded nucleus morphology to shrunken nuclear
fragments. The protective effect of leaf extracts is strongly
evidenced from the ratios, which were determined by calcu-
lating the number of apoptotic cells to normal cells (Table 3).
Fig. 3 shows the photographs of apoptotic shrunken yeast cells
with nuclear changes.
To substantiate this result, EtBr staining was also per-
formed (Table 4). ETBr is capable of only crossing injured cell
membranes, combining with nuclear DNA, and emitting yel-
low fluorescence. Therefore, its ability to differentially pene-
trate the cell membrane and its distinctive fluorescence
emission are helpful in discriminating normal cells from
apoptotic cells (Fig. 4). These three independent methods of
measuring apoptosis showed a similar trend, which suggests
that Z. mays leaf extracts protect the yeast cells under the
condition of H2O2-induced oxidation. We also studied EtBr
staining in combination with AO to differentiate apoptotic
cells from normal cells (Table 5). Our results proved that the
extent of apoptotic cell death in S. cerevisiae cells exposed to
oxidative stress was significantly reduced by treating them
Fig. 1. Apoptotic yeast cells show membrane blebbing after staining with Giemsa and exposure to 200mM of H2O2 (100 magnification). The number of shrunken
cells is reduced in the groups cotreated with the leaf extracts.
Table 2
Effect of Zea mays leaf extracts on nuclear changes in Saccharomyces cer-
evisiae cells subjected to oxidative stress, as determined by propidium iodide
staining.
Sample No. of apoptotic cells/
100 cells
Apoptotic ratio
Control H2O2-treated Control H2O2-treated
No extract 5  2 85  3a 0.05 5.7
Aqueous extract 14  1a 18  2a,b 0.16 0.22
Methanol extract 12  2a 15  3a,b 0.14 0.18
Chloroform extract 18  2a 25  2a,b,c 0.21 0.33
Data are presented as the mean  standard deviation of triplicate.
CD value ¼ 5.27.
a Statistically significant difference, compared to the untreated control group
( p < 0.01).
b Statistically significant difference, compared to the oxidant-treated group
( p < 0.01).
c Statistically significant difference, compared to the respective plant
extract-treated group ( p < 0.01).
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offered by the methanol extract (Fig. 5).3.3. Cytoprotective effect of Zea mays leaf extractsTo analyze the cytoprotective effect of Z. mays leaf extracts
on H2O2-induced apoptosis, cell viability assays such as the
MTT and SRB assays were also performed. Fig. 6 shows the
antiapoptotic effect of different extracts of Z. mays leaves on
the survival of H2O2-injured yeast cells. The addition of the
extracts to the cells increased the number of surviving cells in
comparison to the apoptotic population. The H2O2 exposure
(200 mM) reduced the cell number. This observation gives
further support to the notion that the extracts in the concen-
tration (20 mg/mL) play a distinct role in normalizing the cell
number. The results of the MTT assay were consistent with the
results of the SRB assay (Fig. 7). A hallmark of apoptosis,
Fig. 2. Photographic record of the apoptotic cells in each treatment group, which was stained by propidium iodide.
Table 3
Effect of Zea mays leaf extracts on nuclear changes in Saccharomyces cer-
evisiae cells subjected to oxidative stress, as determined by DAPI staining.
Sample No. of apoptotic cells/
100 cells
Apoptotic ratio
Control H2O2-treated Control H2O2-treated
No extract 6  2 83  2a 0.06 4.9
Aqueous extract 16  1a 20  2a,b 0.19 0.25
Methanol extract 14  2a 17  2a,b 0.16 0.20
Chloroform extract 22  2a 27  3a,b,c 0.28 0.37
Data are presented as the mean  standard deviation of triplicate.
CD value ¼ 4.92.
a Statistically significant difference, compared to the untreated control group
( p < 0.01).
b Statistically significant difference, compared to the oxidant-treated group
( p < 0.01).
c Statistically significant difference, compared to the respective plant
extract-treated group ( p < 0.01).
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amine colorimetric method (data not shown). No significant
DNA fragmentation occurred in the yeast cells that were
subjected to the oxidant.
4. Discussion
In the present study, we attempted demonstrate the possible
cytoprotective effects of Z. mays leaf extracts in eukaryotic
cells by using S. cerevisiae as a model system. A series of
apoptotic events in the yeast cells were followed with various
parameters. The events followed were morphological changes,
DNA fragmentation, nuclear changes, and the extent of cell
survival. Yeast cells were exposed to the standard oxidant
H2O2 in the presence and absence of Z. mays leaf extracts. To
determine if H2O2-induced cell death in yeast is consistent
with apoptosis, we examined the morphology of the
Fig. 3. Apoptotic shrunken yeast cells with nuclear changes after staining with DAPI and exposure to H2O2. Apoptotic cells are minimal in the leaf extract-treated
groups.
Table 4
Effect of Zea mays leaf extracts on nuclear changes in Saccharomyces cer-
evisiae cells subjected to oxidative stress, as determined by EtBr staining.
Sample No. of apoptotic cells/
100 cells
Apoptotic ratio
Control H2O2 treated Control H2O2 treated
No extract 7  3 86  2a 0.08 6.1
Aqueous extract 15  2a 17  3a,b 0.18 0.2
Methanol extract 6  2 10  2b 0.06 0.11
Chloroform extract 21  4a 28  3a,b,c 0.27 0.39
Data are presented as the mean  standard deviation of triplicate.
CD value ¼ 6.48.
a Statistically significant difference, compared to the untreated control group
( p < 0.01).
b Statistically significant difference, compared to the oxidant-treated group
( p < 0.01).
c Statistically significant difference, compared to the respective plant
extract-treated group ( p < 0.01).
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suicide by apoptosis undergo a series of stereotyped
morphological changes that differentiate apoptosis from
healthy cells.14
Several studies have characterized membrane blebbing as a
feature to quantitate apoptotic death in cells. Giemsa staining
was performed to analyze membrane morphological changes.
Apoptotic cells with cell shrinkage and plasma membrane
blebbing were more frequently present in H2O2-treated cells
than in the control cells. H2O2 must be detoxified in cells
because it can be converted to a highly reactive hydroxyl
radical that can cause severe damage to cells.15
This is in agreement with data in the literature that indicate
that apoptosis is induced in yeast cells by exposure to low
doses of H2O2 or by increased radical stress caused by
glutathione depletion.16 Pekmezl et al17 similarly reported that
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number and increased intracellular oxidation, lipid peroxida-
tion, and the protein carbonyl levels in Schizosaccharomyces
pombe.
Because apoptotic alterations in cell membrane
morphology have been investigated by Giemsa staining,
another intention of our study was to examine, by various
fluorescent-staining techniques, the nuclear changes in cells
undergoing apoptosis. After PI and DAPI staining, apoptotic
cells showing nuclear fragmentation and nuclear shrinking
were observed under the fluorescence microscope. The results
followed the same trend as that of Giemsa staining. The in-
duction of apoptosis, as observed by DAPI staining, has been
demonstrated in wild type yeast cells subjected to oxidative
stress induced either by exposure to H2O2, by the accumula-
tion of reactive oxygen species, or by the depletion of
glutathione.18,19Fig. 4. Apoptotic yeast cells show membrane and nuclear changes after stainingStaining by DAPI has also been used as an index of
apoptosis in viral toxin-mediated apoptotic death in wild type
yeast cells.20 Another fluorescent staining technique (AO/EtBr
staining) was also performed. This technique yields clear ev-
idence on apoptotic and normal cells. The AO/EtBr staining
allows the detection of apoptotic cells that have been treated
with H2O2 because double-strand nucleic acids appear bright
green, whereas single-strand nucleic acids appear red. Our
results showed that, on H2O2 exposure, an increased number
of stained cells had red fluorescence, showing their commit-
ment to apoptosis. This number decreased sharply on exposure
to the extracts of Z. mays leaves in which the maximum
number of stained cells had green fluorescence. These results
are consistent with previous findings. The results of fluores-
cent staining indicated that Z. mays leaf extracts inhibited
H2O2-induced apoptosis in yeast cells. This antiapoptotic ef-
fect could probably be because of its antioxidant property. Inwith ethidium bromide and exposure to 200mM H2O2 (100 magnification).
Table 5
Effect of Zea mays leaf extracts on nuclear changes in Saccharomyces cer-
evisiae cells subjected to oxidative stress, as determined by AO/EtBr staining.
Sample No. of apoptotic cells/
100 cells
Apoptotic ratio
Control H2O2-treated Control H2O2-treated
No extract 8  2 83  2a 0.09 4.9
Aqueous extract 18  1a 20  2a,b 0.21 0.25
Methanol extract 9  2 13  3b 0.09 0.15
Chloroform extract 21  2a 24  3a,b 0.26 0.32
Data are presented as the mean  standard deviation of triplicate.
CD value ¼ 5.23.
Statistically significant ( p < 0.01) compared to the respective plant extract-
treated group.
a Statistically significant ( p < 0.01) compared to the untreated control
group.
b Statistically significant ( p < 0.01) compared to the oxidant-treated group.
Fig. 5. Acridine orange/ethidium bromide (AO/EtBr) stain shows yeast cells with
have green fluorescence. This staining method clearly indicates the protective effe
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treated with the plant extracts (which is a rich source of an-
tioxidants) tends to increase the antioxidant enzymes in the
stressed cells, which is involved in cell defense against
oxidative stress. This elevation of the levels of antioxidant
enzymes helps improving the survival of the yeast cells under
H2O2 exposure. Our pilot research results showed that the Z.
may leaves protect goat liver slices against H2O2-induced
oxidative stress.21
Viability assays (i.e., MTT and SRB) were also conducted
to ascertain the impact of H2O2 and the leaf extracts on the
survival of the cells. The cell viability significantly increased
in the Z. mays leaf extract-treated cells, even in the presence of
apoptosis-inducing stress. The percent cell survival obtained in
the present study showed that the Z. mays leaf extracts have a
very good antiapoptotic property and protect the cells againstred fluorescence, which indicates they are undergoing apoptosis. Normal cells
ct of the Zea mays leaf extracts.
Fig. 7. Effect of Zea mays leaf extracts on the viability of Saccharomyces cerevisiae cells subjected to oxidative stress, as determined by the SRB assay.
Fig. 6. Effect of Zea mays leaf extracts on the viability of Saccharomyces cerevisiae cells subjected to oxidative stress, as determined by the MTT assay.
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cytotoxic activity on oxidative stress-induced Hep2 cells,22 but
show an antiapoptotic effect on yeast cells subjected to
oxidative stress. In accordance with our results, the cytotox-
icity of essential oils used in traditional pharmaceutical
application were tested by using the yeast model. Clear
cytotoxic effects were observed in the diploid yeast strain D7
with the cells having more sensitivity to essential oils in the
exponential phase than in the stationary growth phase.23In conclusion, the present study examined the cellular
events of apoptosis after the treatment of yeast cells by plant
extracts. This was used as a model system in which oxidative
stress was induced by H2O2. This study was performed while
maintaining ethics in regard to animal suffering. The results
validate that Z. mays leaf extracts are an excellent anti-
apoptotic agent, as demonstrated by their ability to reduce
oxidative stress that was induced in the cells by the very
powerful agent H2O2.
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